A review of 340 patients with tetralogy of Fallot undergoing aortopulmonary anastomosis of the Potts-Smith type (descending aorta to pulmonary artery) has been made for assessment of the complications and long-term results Circulation, Volume XLIII, February 1971 Potts operation pital. In 1959, Paul, Miller, and Potts1 analyzed the results in the first 100 of these 340 patients (table 1). The major contribution of the 1959 review was to bring into sharp focus the long-term problems encountered in surviving patients. It was apparent that the major late medical mortality of morbidity of the procedure resulted from anastomotic channels which were either too large initially or had grown too large over the ensuing years, resulting in congestive heart failure, pulmonary hypertension, or pulmonary vascular obstructive disease.
SUMMARY
A review of 340 patients with tetralogy of Fallot undergoing aortopulmonary anastomosis of the Potts-Smith type (descending aorta to pulmonary artery) has been made for assessment of the complications and long-term results of this procedure. There were 30 operative deaths (9%) and 52 late medical deaths (20%) The symptomatic improvement has remained impressive in the survivors even up to 20 years after shunt surgery, with 85% of the patients having a functional classification of I or II.
The major late complications have been related to anastomotic channels which were made or eventually became too large, resulting in congestive heart failure (20 late medical deaths) or in pulmonary hypertension with pulmonary vascular obstructive disease. These complications are not unique to the Potts operation, and may be anticipated in patients with excessively large ascending aorta to right pulmonary artery anastomoses. Careful patient follow-up is indicated and, in the event of congestive heart failure or evidence for pulmonary hypertension, an aggressive approach with either shunt take down and intracardiac repair or shunt revision should be considered.
Additional Indexing Words: Aortopulmonary anastomosis P IN A FIELD as rapidly changing as cardiac surgery it is mandatory to periodically reevaluate the efficacy of any operative procedure in the light of the present day alternatives. Certainly such is the case with the descending aortopulmonary anastomosis (Potts-Smith) (table 1) . The major contribution of the 1959 review was to bring into sharp focus the long-term problems encountered in surviving patients. It was apparent that the major late medical mortality of morbidity of the procedure resulted from anastomotic channels which were either too large initially or had grown too large over the ensuing years, resulting in congestive heart failure, pulmonary hypertension, or pulmonary vascular obstructive disease.
It is the purpose of this present paper to review our experience with the total of 340 patients undergoing descending aortopulmonary anastomosis for tetralogy of Fallot. Potential complications of the operation are stressed, as well as guidelines for recognition of these complications and their management 
Method of Operation
The size of the anastomosis was usually determined at operation by the use of calipers for measurement of the length of the incisions in the descending aorta and pulmonary artery. Initially, these incisions were made 8 mm long to allow for an anastomosis of approximately 5 mm in internal diameter. 2 Marked postoperative enlargement of the heart early in the series prompted shortening of the incision to 6 mm, or an anastomotic diameter of 4 mm. Thereafter, incisions of 6 mm were made in patients over the age of 2 years and 5 mm in those under the age of 2 years. In 1965 a review of our surgical experience suggested the advisability of even smaller incisions. It was apparent that an inadequate aortopulmonary anastomosis was rarely encountered, since only five of the 310 surviving patients exhibited excessive cyanosis postoperatively. In three of these five instances, the anastomosis was performed on the right side in the presence of a right aortic arch, a procedure long since abandoned because of technical difficulties. It was equally apparent that the major late mortality and morbidity of the procedure resulted from anastomotic channels which were either too large initially or had grown too large over the ensuing years.3 At the time of reoperation for intracardiac repair or revision of the anastomosis it was not unusual for us to observe that the anastomotic channel had doubled or tripled in internal diameter. Accordingly, since 1965, incisions of 4 mm in the aorta and pulmonary artery have been performed in infants and children under the age of 2 years.
Results
In this presentation, attention will be focused upon the following aspects of the pulmonary vascular disease was determined the time of death from congestive heart failure clinically by the marked cardiac enlargement was 5 months to 18 years, with an average of 9 and increased pulmonary blood flow in the years. The age of the patient at the time of presence of a loud, continuous anastomotic death ranged from 18 months to 24 years. All murmur and little or no cyanosis.
deaths from congestive heart failure occurred The interval from the date of operation to in patients operated on prior to 1958, with 12 fig. 1 ).
In the 0-5-year post-anastomosis study group, no patient had a mean pulmonary artery pressure greater than 50 mm Hg. In contrast, in the 5-10, 10-15, and 15-20- There is, however, an appreciable risk of the development of congestive heart failure or pulmonary hypertension with eventual pulmonary vascular obstructive disease. These complications are primarily related to anastomotic channels which were made or became too large after operation. The length of the incisions in the descending aorta and pulmonary artery have, therefore, been periodically reduced from the originally described 8-mm incision to the present 4-mm incision in infants and children under the age of 2 years. This latter fact accounts for the higher incidence of these life threatening complications early in our surgical series before the potential dangers of an 8- As suggested above, most children with tetralogy of Fallot who are over 4 years of age can best be managed surgically by intracardiac correction. In children requiring surgical intervention between the ages of 12 months and 4 years, the operation of choice is usually a palliative subelavian-pulmonary anastomosis, unless it is deemed not feasible on the basis of vessel anatomy. In infants under 12 months, an anastomosis between the aorta, itself, and a pulmonary artery is the preferred surgical approach.
The ascending aortopulmonary anastomosis has taken precedence over the descending aortopulmonary shunt because the shunt site is more easily accessible at the time of "take down" and intracardiac repair.
Our long-term observations on patients with the Potts shunt have made us sensitive to the recognition of the potential danger signs and to a more aggressive surgical management. The clinical findings which indicate a large left-to-right shunt through the anastomosis and warrant concern and early laboratory investigation include: (1) the almost complete absence of cyanosis following anastomosis; (2) a short, low-pitched, rough continuous murmur postoperatively; (3) progressive cardiac enlargement; (4) progressive prominence of the pulmonary artery segment and a marked increase in the pulmonary vascular marking; and (5) appearance and progression in left ventricular hypertrophy resulting in combined ventricular hypertrophy on electrocardiogram and vectorcardiogram. Late diminution or disappearance of a previously heard anastomotic murmur frequently denotes the presence of advanced pulmonary vascular obstructive disease.
In the intervening years between anastomosis and intracardiac repair, frequent follow-up examinations are indicated for detection of the occurrence of these serious and often progressive and eventually irreversible complications. When evidence for congestive heart failure and excessive pulmonary blood flow with pulmonary hypertension exists, cardiac catheterization and angiocardiographic studies should be performed and, if intracardiac correction is not deemed feasible, subsequent revision with narrowing of the aortopulmonary anastomosis can be undertaken.
